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ABSTRACT 

Background: Delayed emergence after general anesthesia can prolong post-anesthesia care, but evidence from 

Pakistan is limited. Objective: To determine the proportion of delayed recovery and examine associated factors 

among general surgery patients. Methods: This observational cross-sectional study included 150 patients 

undergoing general surgery under general anesthesia at Mayo Hospital, Lahore, during September and October 

2024. Delayed recovery was defined as awakening more than 30 minutes after anesthesia cessation. Associations 

were assessed using Pearson's chi-square test and crude odds ratios (ORs) with 95% confidence intervals (CIs). 

Results: Delayed recovery occurred in 53 patients (35.3%; 95% CI 28.1-43.3). Higher crude odds were observed 

among males (OR 2.50, 95% CI 1.17-5.34), smokers (OR 2.14, 95% CI 1.08-4.23), alcohol users (OR 2.19, 95% 

CI 1.05-4.58), and patients with diabetes mellitus (OR 2.53, 95% CI 1.27-5.03). BMI category was not associated 

with delayed recovery (p=0.832). Conclusion: Delayed recovery was frequent in this cohort, and several 

demographic, lifestyle, and metabolic characteristics showed crude associations. Prospective multivariable studies 

are needed before these variables are used for clinical prediction. Keywords: Delayed recovery, Delayed 

emergence, General anesthesia, General surgery, Post-anesthesia care unit, Associated factors 
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INTRODUCTION 

Emergence from general anesthesia is the transition from drug-induced unconsciousness to 

wakefulness, purposeful responsiveness, protective airway reflexes, and adequate spontaneous 

ventilation. It is an active neurobiological process rather than a simple reversal of induction, and its 

course reflects the interaction of anesthetic concentration, arousal networks, patient physiology, and 

surgical stimulation (1). Most patients respond within minutes after anesthetic administration is 

discontinued; however, recovery may be slower than expected and can delay transfer from the 

operating room or progression through the post-anesthesia care unit (PACU). 

Delayed emergence, delayed awakening, and hypoactive emergence are related but not always 

identically defined outcomes. In clinical practice, delayed emergence generally refers to persistent 

unresponsiveness or failure to regain an expected level of consciousness after anesthetic drugs have 

been stopped. It should be distinguished from emergence delirium, in which the patient is awake but 

agitated, disoriented, or behaviorally disturbed. The differential diagnosis is broad: residual hypnotics, 

opioids, benzodiazepines, and neuromuscular blocking drugs are common contributors, while 

hypoventilation, hypoxemia, hypercapnia, hypothermia, hypoglycemia, electrolyte disturbance, hepatic 

or renal dysfunction, and acute neurological events must also be considered (2-5). Because some non-
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pharmacological causes are time-critical, delayed awakening requires continued airway and 

cardiorespiratory support while reversible causes are assessed systematically. 

The probability and duration of delayed recovery depend on patient, anesthetic, and procedural 

characteristics. Prospective PACU data have associated hypoactive emergence with age, longer 

operations, and intra-abdominal surgery, although definitions and case mix strongly influence the 

estimates (6). Studies in selected populations have also implicated long-acting sedative or antiepileptic 

medication, cumulative anesthetic exposure, and procedure-related factors (7,8). Sex-related 

differences in anesthetic sensitivity and recovery have been described, but findings are not uniform and 

may be modified by the drugs and neuromuscular blockers used (9). These observations support 

evaluation of demographic characteristics alongside comorbidity, lifestyle exposure, anesthetic 

duration, and intraoperative physiology rather than attributing delayed awakening to a single cause. 

Reported occurrence varies markedly across settings. A cross-sectional study of 311 elective surgical 

patients reported delayed awakening in 2.6%, with opioid exposure, prolonged surgery, blood loss, fluid 

administration, and intraoperative hypotension among the associated factors (10). In 168 patients 

undergoing radical biliary surgery, delayed recovery occurred in 25%; older age, body mass index (BMI) 

of 25 kg/m² or greater, alcohol use, smoking, longer surgery and anesthesia, and sevoflurane exposure 

were identified as independent factors (11). Conversely, a large retrospective PACU cohort of 38,796 

surgical patients found an aggregate rate of 1.38% and linked delayed recovery to older age, 

neurosurgery, longer anesthesia, ASA III status, and postoperative analgesia (12). The wide variation 

across these studies indicates that the selected time threshold, recovery assessment, surgical 

population, anesthetic technique, and statistical adjustment materially affect both incidence estimates 

and identified predictors. 

Several potentially modifiable mechanisms are clinically important. Accumulation and redistribution of 

inhaled or intravenous anesthetics increase with exposure duration and drug solubility, so the time 

required for brain concentration to fall to an awakening level may be context dependent (13). 

Perioperative hypothermia can slow drug metabolism and prolong recovery (14). Residual 

neuromuscular blockade does not itself prevent consciousness, but it can produce apparent 

unresponsiveness, airway obstruction, impaired ventilation, and critical respiratory events; quantitative 

neuromuscular monitoring and appropriate reversal therefore remain central to safe recovery (15-17). 

Trials of electroencephalographic bispectral-index guidance have also shown that closer titration of 

propofol or volatile anesthetic delivery can reduce anesthetic consumption and accelerate early 

recovery in selected patients (18,19). 

Assessment of recovery should combine consciousness with ventilation, oxygenation, circulation, motor 

function, and other clinically relevant domains. International post anesthetic-care guidance and 

established recovery scores provide structured approaches to documenting these domains (20-22). 

Recent reviews continue to emphasize that a simple time-to-awakening threshold is useful for 

identifying delayed consciousness but is narrower than a multidimensional assessment of readiness for 

PACU discharge (23,24). Evidence from Pakistani public-sector hospitals remains scarce, limiting 

locally relevant estimates and comparison with international cohorts. This study therefore aimed to 

determine the proportion of general surgery patients with delayed recovery of awakening, defined as 

awakening more than 30 minutes after cessation of anesthesia, at Mayo Hospital, Lahore, and to 

examine its crude associations with selected demographic, lifestyle, and clinical characteristics. 

MATERIALS AND METHODS 

This observational cross-sectional study was conducted in the Department of Anesthesiology at Mayo 

Hospital, Lahore, Pakistan, during September and October 2024. The study included 150 adult patients 

undergoing general surgical procedures under general anesthesia. Eligible patients were enrolled after 

written informed consent; patients with heart disease were excluded. 

Demographic and clinical data were recorded on a structured proforma, including age, sex, BMI, ASA 

physical status, diabetes mellitus, hypertension, previous surgery or anesthesia, smoking, alcohol use, 

and preoperative vital signs. Anesthetic and operating-room records provided procedural duration, 

anesthetic exposure, muscle-relaxant use, blood loss, fluid administration, and documented 
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intraoperative adverse events. Awakening time was observed during immediate postoperative care. 

Delayed recovery was defined as awakening more than 30 minutes after cessation of anesthesia; 

awakening within 30 minutes was classified as normal recovery. 

Data were analyzed in IBM SPSS Statistics version 27.0. Categorical data are reported as n (%) and 

physiological measures as mean ± SD. Pearson's chi-square test assessed crude associations; crude 

odds ratios with 95% confidence intervals were calculated for binary variables and BMI categories, with 

normal BMI as the reference. Tests were two-sided (p<0.05). The Institutional Ethical Review 

Committee granted Institutional Review Board (Ref. No.: DRC/DHPT011/05/24), before data collection 

and Mayo Hospital granted administrative permission. Records were de-identified and handled 

according to the Declaration of Helsinki (25). 

RESULTS 

All 150 enrolled patients were included in the reported analysis. Half were aged 31-45 years, and 

patients older than 60 years represented 2.0% of the cohort. Males accounted for 64.7%, while 60.7% 

were overweight or obese within the recorded BMI categories. Smoking, alcohol use, and diabetes 

mellitus were reported by 42.7%, 27.3%, and 42.0% of participants, respectively. 

Table 1. Demographic and clinical characteristics of the study population 

Characteristic n % 

Age 18-30 years 35 23.3 

Age 31-45 years 75 50.0 

Age 46-60 years 37 24.7 

Age >60 years 3 2.0 

Male 97 64.7 

Female 53 35.3 

BMI <18.5 kg/m² 11 7.3 

BMI 18.5-24.9 kg/m² 48 32.0 

BMI 25.0-29.9 kg/m² 43 28.7 

BMI 30.0-34.9 kg/m² 48 32.0 

Smoker 64 42.7 

Non-smoker 86 57.3 

Alcohol use 41 27.3 

No alcohol use 109 72.7 

ASA I 25 16.7 

ASA II 125 83.3 

Diabetes mellitus 63 42.0 

No diabetes mellitus 87 58.0 

   

The cohort was predominantly ASA II (83.3%). Within the available BMI distribution, 28.7% were 

overweight and 32.0% were in the 30.0-34.9 kg/m² category. 

Table 2. Preoperative physiological measurements 

Variable Mean ± SD 

Systolic blood pressure, mmHg 133.1 ± 14.0 

Diastolic blood pressure, mmHg 90.6 ± 10.8 

Heart rate, beats/min 92.8 ± 6.3 

Respiratory rate, breaths/min 17.8 ± 2.4 

Oxygen saturation, % 97.2 ± 2.4 

Mean preoperative systolic and diastolic blood pressures were 133.1 ± 14.0 and 90.6 ± 10.8 mmHg, respectively. Mean 

oxygen saturation was 97.2 ± 2.4%. 

Table 3. Recovery status after general anesthesia  

Recovery status n % 95% CI 

Normal recovery (≤30 min) 97 64.7 56.7-71.9 

Delayed recovery (>30 min) 53 35.3 28.1-43.3 
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Delayed recovery occurred in 53 of 150 patients (35.3%; 95% CI 28.1-43.3), while 97 patients (64.7%) 

awakened within 30 minutes. 

Table 4. Crude associations between selected characteristics and delayed recovery 

Variable Category Delayed n/N 

(%) 

Normal n/N 

(%) 

Crude OR 

(95% CI) 

p-value 

Sex Female 12/53 (22.6) 41/53 (77.4) 1.00 

(reference) 

0.016 

 Male 41/97 (42.3) 56/97 (57.7) 2.50 (1.17-

5.34) 

 

Smoking No 24/86 (27.9) 62/86 (72.1) 1.00 

(reference) 

0.027 

 Yes 29/64 (45.3) 35/64 (54.7) 2.14 (1.08-

4.23) 

 

Alcohol use No 33/109 (30.3) 76/109 (69.7) 1.00 

(reference) 

0.035 

 Yes 20/41 (48.8) 21/41 (51.2) 2.19 (1.05-

4.58) 

 

Diabetes mellitus No 23/87 (26.4) 64/87 (73.6) 1.00 

(reference) 

0.007 

 Yes 30/63 (47.6) 33/63 (52.4) 2.53 (1.27-

5.03) 

 

BMI category 18.5-24.9 17/48 (35.4) 31/48 (64.6) 1.00 

(reference) 

0.832 

 <18.5 4/11 (36.4) 7/11 (63.6) 1.04 (0.27-

4.07) 

 

 25.0-29.9 13/43 (30.2) 30/43 (69.8) 0.79 (0.33-

1.90) 

 

 30.0-34.9 19/48 (39.6) 29/48 (60.4) 1.19 (0.52-

2.73) 

 

OR, odds ratio; CI, confidence interval; BMI, body mass index. P-values are from Pearson's chi-square tests and represent the 

overall association for each variable. All estimates are unadjusted. 

Male patients had higher crude odds of delayed recovery than female patients (OR 2.50, 95% CI 1.17-

5.34; p=0.016). Delayed recovery was also more frequent among smokers than non-smokers (45.3% 

vs. 27.9%; OR 2.14, 95% CI 1.08-4.23; p=0.027), among alcohol users than non-users (48.8% vs. 

30.3%; OR 2.19, 95% CI 1.05-4.58; p=0.035), and among patients with diabetes mellitus than those 

without diabetes (47.6% vs. 26.4%; OR 2.53, 95% CI 1.27-5.03; p=0.007). BMI category was not 

associated with delayed recovery (chi-square=0.87; p=0.832). 

Figure 1. Unadjusted associations with delayed recovery. 
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Figure 1 summarizes the crude effect estimates and BMI-specific recovery proportions. The largest 

crude estimate was observed for diabetes mellitus (OR 2.53), followed by male sex (OR 2.50), alcohol 

use (OR 2.19), and smoking (OR 2.14); all four confidence intervals narrowly excluded 1.00. Delayed-

recovery proportions varied from 30.2% in the overweight category to 39.6% in the 30.0-34.9 kg/m² 

category, but the global BMI comparison showed no evidence of association (p=0.832). 

DISCUSSION 

More than one-third of patients in this cohort experienced delayed recovery using a threshold of more 

than 30 minutes after anesthesia cessation. Male sex, smoking, alcohol use, and diabetes mellitus were 

associated with higher odds in crude analyses, whereas BMI category was not associated with recovery 

status. These results identify characteristics for further investigation but do not establish independent 

prediction or causation. 

The observed proportion of 35.3% was substantially higher than the 2.6% reported by Bayable and 

colleagues among elective surgical patients, the 25% reported in radical biliary surgery, and the 1.38% 

reported in a large PACU cohort (10-12). Direct comparison is limited because delayed emergence is 

sensitive to the selected time threshold, patient case mix, operative duration, anesthetic exposure, and 

method used to assess responsiveness (2-5). The present 95% CI was also wide enough to indicate 

appreciable uncertainty around the single-center estimate. 

The associations with smoking and alcohol use were directionally consistent with the adjusted findings 

reported by Zhang and colleagues (11). Male sex and diabetes mellitus also showed approximately 2.5-

fold crude odds, but these estimates may reflect confounding by comorbidity, anesthetic technique, or 

procedure-related factors. Published evidence on sex and emergence is mixed, and drug-specific 

responses may contribute to observed differences (8,9). Diabetes may influence recovery through 

perioperative metabolic disturbance, whereas smoking and alcohol exposure may alter respiratory or 

pharmacological responses; nevertheless, the present analysis cannot determine the responsible 

mechanisms (2-5). 

BMI category was not associated with delayed recovery. Rates were similar across categories, and 

every category-specific confidence interval included the null value. This finding differs from the radical 

biliary surgery study, which identified BMI of 25 kg/m² or greater as an independent factor (11). 

Differences in surgical population, anesthetic duration, exposure measurement, and statistical 

adjustment may explain the discrepancy. The pharmacokinetics of inhaled anesthetics vary with agent, 

duration, tissue solubility, and the decrement required for recovery, making a simple BMI explanation 

insufficient (13). 

The study provides a clinically relevant estimate from a large public-sector hospital and reports 

complete denominators for the principal variables presented. Its limitations include the single center 

design, moderate sample size, limited representation of patients older than 60 years, crude rather than 

multivariable analysis, and reliance on a time-based recovery threshold. A time threshold does not 

capture all dimensions of physiological and functional recovery assessed by established post-

anesthesia scoring systems (20-24). The association analysis also does not account for anesthetic 

dose, residual neuromuscular blockade, duration of surgery and anesthesia, temperature, or metabolic 

abnormalities, all of which can influence early recovery (13-17). Future prospective studies should use 

a reproducible responsiveness measure, document major anesthetic exposures, and apply 

multivariable modelling before developing a clinical prediction approach. 

CONCLUSION 

Delayed recovery occurred in 35.3% of patients. Male sex, smoking, alcohol use, and diabetes mellitus 

showed higher crude odds, whereas BMI category was not associated with recovery status. These 

findings require prospective multivariable confirmation and should not be interpreted as independent or 

causal effects. 
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